Engineering of an ω-3 polyunsaturated fatty acid-containing nanoemulsion system for combination C6-ceramide and 17β-estradiol delivery and bioactivity in human vascular endothelial and smooth muscle cells.
Delayed endothelial cell (EC) regeneration and the medial vascular smooth muscle cells (VSMCs) proliferation contribute to arterial restenosis. Although ω-3-polyunsaturated fatty acids (PUFAs), 17β-estradiol (17-βE) and C6-ceramide (CER) have shown therapeutic promise in addressing restenosis, extensive protein binding and lipophilicity complicate their (co-)delivery to cellular targets. We report engineering of an ω-3-PUFA-rich oil-in-water nanoemulsion formulation that effectively delivers 17-βE and CER cargo to cultured vascular cells. The cargo-free, ω-3-PUFA-rich nanoemulsion itself typically reduced growth factor-stimulated cellular proliferation, as did nanoemulsion-delivered CER alone, through enhanced pro-apoptotic caspase 3/7 activity. 17-βE loaded nanoemulsion inhibited VSMC proliferation and supported EC proliferation, responses associated with the mitogen-activated-protein-kinase (MAPK) signaling. Co-administration of 17-βE and CER loaded nanoemulsions exerted an anti-proliferative effect more pronounced on VSMCs than ECs. These therapeutically beneficial responses to ω-3-PUFA, CER, and/or 17-βE in our nanoemulsion formulation invite evaluation of this novel approach in animal models of restenosis and other occlusive vasculopathies. This team of investigators report the engineering of an ω-3-PUFA-rich oil-in-water nanoemulsion formulation that effectively delivers 17-βE and C6-ceramide cargo to cultured vascular cells in an effort to address vascular restenosis. Further preclinical studies will be needed in animal models before this approach could be considered for clinical trials.